C H E TA N N AYA K C rystalline solids are a classic example of a state of matter in which a symmetry is 'spontaneously broken' . The equations of physics are invariant under spatial translations because the inter actions within a collection of atoms are the same regardless of where the atoms are located -any position is just as good as any other. However, below a certain temperature, the atoms spontaneously settle into a state in which there are preferred locations (the sites of a crystal lattice), thereby breaking translational symmetry. Analogous broken-symmetry states such as magnets, liquid crystals and superfluids abound in nature.
It is natural to ask whether one can also spontaneously break the time-translational symmetry of the laws of physics -as far as these laws are concerned, any time is as good as any other. In 2012, the physicist Frank Wilczek proposed 1 the first concrete ideas about such a time crystal. Although subsequent work showed that time crystals, as initially envisaged, were unstable [2] [3] [4] , the idea has recently been rebooted as a Floquet time crystal [5] [6] [7] [8] . On pages 217 and 221, Zhang et al. 9 and Choi et al. 10 report experimental evidence for this exotic state of matter.
To understand Floquet time crystals, it is useful to consider the surface of a crystal. Because of the underlying spatial ordering of the atoms in a crystal, the surface possesses a discrete translational symmetry. When atoms of a different element are adsorbed on the surface, they could inherit the surface's crystal symmetry or they might, instead, form an atomic layer that has lower translational symmetry -for example, by occupying only alternating adsorption sites. If the latter occurs, the surface's discrete translational symmetry is spontaneously broken. Similarly, a system that is pumped periodically will have a discrete time-translational symmetry. If this symmetry is spontaneously broken, a Floquet time crystal results.
A potential problem with this idea is that the periodic drive is expected to heat up the system continually 11 , thereby precluding any kind of ordered state. However, researchers have discovered two loopholes. First, if the frequency of the drive is large compared to the local energy scales of the system, heating occurs slowly and there is a long-lived quasi-steady state, called a pre-thermal state 12 , in which non-trivial states of matter can manifest 13 . Second, if the system has a high density of immobile impurities, then a phenomenon called many-body localization 14 can occur, in which the necessary spreading of energy cannot take place because the impurities trap excitations. In this case, heating doesn't happen at all 15 and exotic states of matter such as a Floquet time crystal can survive indefinitely 6 .
In the canonical theoretical model of a Floquet time crystal [6] [7] [8] , a set of magnetic moments (spins) interact through a ferromagnetic interaction in the presence of a random-strength magnetic field nearly aligned with their preferred axis (Fig. 1) . The spins are then subjected to a temporary magnetic field perpendicular to their preferred axis, called an approximate π-pulse, whose strength and duration are sufficient to rotate the spins by approximately 180° -but not necessarily exactly 180°. These two steps are repeated cyclically to form a periodic drive.
If the ferromagnetic interaction is weak, the spins relax at late times to a state that has the periodicity of the drive -except in the finetuned case of an exact π-pulse. However, if the interaction is strong, the spins flip precisely changes the discourse around eRNA functions, by demonstrating that these RNAs can have major, locus-specific roles in enhancer activity that do not require a particular RNA-sequence context or abundance. Furthermore, by providing strong evidence that CBP interacts with eRNAs as they are being transcribed, this study highlights the value of investigating nascent RNAs for understanding enhancer activity. ■ 
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Marching to a different quantum beat twice and return to their original state after two cycles, thereby breaking discrete timetranslational symmetry. The ferromagnetic interaction endows the system with rigidity so that thermal or quantum fluctuations do not wipe out the symmetry breaking, even when the approximate π-pulse is noticeably different from an exact π-pulse and the drive deviates somewhat from the canonical model. The system exhibits long-range order, which means that ordering in one region and time is correlated with that in arbitrarily distant regions and late times. This property distinguishes such a system from other oscillations that occur in nature.
Zhang et al. and Choi et al. now report experimental data consistent with a Floquet time crystal. There are obvious similarities between the two experiments. First, both research groups use a property called spindependent fluorescence to show that wellisolated driven interacting quantum systems exhibit lower time-translational symmetry than the drive. Second, their systems are demonstrably stabilized by interactions that maintain phase coherence over time. However, it is also important to recognize the differences.
In Zhang and colleagues' work, a system of up to 14 trapped ions is subjected to a periodic sequence of pulses that favour many-body localization. Because the system is small, its quantum-mechanical equations of motion are known and can be reliably simulated; the authors find excellent agreement between theory 8 and experiment. However, because the system is small and the duration of the experiment is relatively short -owing to the painstaking way in which the authors apply the random-strength magnetic field one ion at a time -one could argue that long-range order has not been fully demonstrated.
Conversely, Choi and colleagues use approximately one million nitrogen-vacancy (NV) centres that are randomly distributed in diamond. The authors apply a prescribed sequence of pulses to the NV centres, but the dipolar interactions between these centres are random and, in any case, are too numerous to simulate. The authors' system is not expected to undergo many-body localization or to generate a pre-thermal state, but -for reasons that are unclear -the system heats up extremely slowly, although not negligibly.
Zhang and colleagues' experiment is a more direct realization of a version 8 . There is, therefore, a great need to develop therapeutic strategies for leukaemias that involve MLL-rearranged (MLL-r) fusion proteins. In this issue, Erb et al. 2 (page 270) and Wan et al. 3 (page 265) converge on the identification of the protein ENL as a crucial factor for the viability of MLL-r cells in leukaemia.
Histone proteins are structural and signalling factors around which DNA is wrapped in cells. Their modification by the addition or removal of molecular groups regulates gene expression. A notable structural feature of ENL is a distinctive fold of about 75 amino acids called a YEATS domain, which is a reader of acetylation -it recognizes and associates with residues of the amino acid lysine in histones that have been modified by the addition of an acetyl moiety 4 . Erb et al. and Wan et al. provide compelling evidence that this 'reader' ability of ENL on acetylated histones is crucial to the induction of MLL-r leukaemia.
MLL fusion partners are predominantly related to two protein complexes implicated in epigenetic regulation 5, 6 -the modulation of gene expression independently of DNA sequence. The first is the super elongation complex (SEC), which facilitates a phase of gene transcription called elongation. The second is the DOT1L-containing complex (DotCom), which adds methyl groups to the residue lysine 79 on histone H3 (abbreviated as H3K79). The translocations that generate these fusions typically occur on one of the two sets of chromosomes present in mammals.
The prevailing view is that MLL-containing fusion proteins promote the localization of SEC and DotCom, containing proteins encoded on both chromosomes (fusion and normal non-fused proteins), to regions of the genome where they drive the expression of genes that promote the development of leukaemia 6, 7 . Erb et al. and Wan et al. uncover another, complementary mechanism of SEC and DotCom stabilization. The groups found that inactivation of ENL impaired the function of SEC and DotCom in MLL-r cells. The ability of ENL to physically associate with both SEC and DotCom 8 suggests a model in which the protein -through recognition of acetylated H3 by its YEATS domain -coordinates SEC and DotCom stabilization and activity at abnormal regions of the genome (Fig. 1 ).
This new model raises the possibility that drugs such as small-molecule inhibitors that target the ENL YEATS domain could selectively kill leukaemic MLL-r cells. Other cell types seem to be largely tolerant of ENL loss, but SEC, DotCom and ENL are ubiquitously expressed, so it will be important to understand the molecular basis of this difference in tolerance as such drugs are developed.
The requirement for ENL in MLL-r leukaemias is consistent with observations [9] [10] [11] [12] [13] that properly regulated DOT1L activity is necessary for the development and maintenance
